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Abstract: Species with similar resource requirements cannot coexist for long. To facilitate co-existence,
carnivores adapt different strategies to partition the available resources in space and time. In high-
altitude ecosystems with limited resources the operation becomes complex. We assessed species
diversity and spatio-temporal resource partitioning among felid species inhabiting the intricate
habitats of Khangchendzonga Biosphere Reserve (KBR), Eastern Himalaya. We used systematic
camera trap surveys along with abundance and overlap indices to generate information on their
space use and activity patterns. We recorded six species of felids belonging to five genera, including
four species of global conservation importance. The differential use of space by felids was observed
with respect to the habitat types determined by sharp altitudinal gradients with varied levels of
spatial and altitudinal overlap. Maximum overlap was observed among Asiatic golden cat Catopuma
temminckii, jungle cat Felis chaus and clouded leopard Neofelis nebulosa. The felids had distinct activity
profiles from one other, particularly between golden cat and leopard cat Prionailurus bengalensis.
Pianka’s index also provided weak evidence for temporal overlap among species. The overall
results indicate that habitat heterogeneity facilitates primary separation at the spatial scale, although
species are also segregated temporally. Golden cat was the most adaptive felid in the area, depicting
a peculiar pattern of spatio-temporal segregation with other species. We suspect either intense
competition or dietary segregation among some species, and propose a further investigation of
their diet and the activity patterns of their prey. The study presents an early template of carnivore
community organization in resource-scarce high-altitude environments, thus, offering huge ecological
and conservation significance.

Keywords: carnivore community; co-existence; Eastern Himalaya; felids; resource partitioning

1. Introduction

Understanding the organization of ecological communities has long been a topic
of interest among ecologists [1]. Resource availability is a key factor for shaping the
community structure and its functioning, since it is affected by assemblages of species
interacting in space and time [2–4]. As all ecosystems have limited resources, species
coexist in a range of settings and are, therefore, subjected to various ecological processes at
different scales [5–7]. In such an arrangement, even carnivores at the top of the food chain
are forced to share their niches, which often results in an overlap in resource use, leading to
coexistence or competition [8,9]. To facilitate co-existence and avoid competition, carnivores
often adapt different strategies in order to partition the limited available resources [10–13].
These interactions become complex in high-altitude landscapes where resources are even
scarcer [14].

According to the competitive exclusion principle, species with similar resource needs
cannot coexist for very long [15]. Partitioning by the selection of prey species based on
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body sizes [16,17], foraging habits [18], activity patterns [16,19] and use of space [18,20] has
been used for a long time to describe how carnivores coexist in natural systems [8,9]. The
differential use of resources by carnivores therefore facilitates co-existence and influences
community structure [21]. A way towards understanding community organizations can,
therefore, be through a measure of resource use overlap between several species in a
community guild at various ecological scales [10,13,21].

Owing to their high relevance towards understanding the functioning of the ecosystem
at higher trophic levels, generating information on carnivore diversity and their interactions
at spatial and temporal scale seems crucial [22,23]. Given the conservation importance of
this group [24,25], less attention has been given to the non-fragmented habitats, particularly
those in high-altitude landscapes such as the Himalayas. The primary reason for this has
been the inaccessibility and ruggedness of the Himalayan terrain that makes field research
and monitoring challenging [26]. Such intricacy of terrain and species diversity makes it
more intriguing to understand the ways by which carnivores tend to cope in such resource-
scarce environments. Since felids represent the most versatile and obligate flesh-eating
carnivores at the highest trophic level [27] and receive top conservation priority among
mammals [24,28,29], we made a serious attempt towards assessing their: (i) diversity and
space use with respect to different habitat types and elevation gradients, (ii) temporal
activity patterns, and (iii) the spatio-temporal overlap among species in the Khangchend-
zonga Biosphere Reserve (henceforth KBR) landscape. Our aim was to understand how
felid species in the area segregate in space and time to partition the available resources in
such resource-scarce environments. Given the intricacy of the terrain, the challenging field
conditions and the elusive nature of the study species, a study like this has not still been
performed at such altitudes in the Himalayas and, therefore, offers huge ecological and
conservation advantages.

2. Material and Methods
2.1. Study Area

The study area represents the westernmost part of the Eastern Himalayan global biodi-
versity hotspot [30] and is home to the third highest peak in the world (Mt. Kanchenjunga
[8586 m]). Positioned at the junction of two biogeographic realms, viz., the Palaearctic and
the Oriental, the area has high potential for such ecological assessment, as it can sustain
a variety of both ancient and recently evolved species of carnivores. The KBR landscape
(2620 km2) includes a sharp variation in elevation from 1220 m to 8586 m, which is accom-
panied by an array of habitat types [31]. The KBR comprises seven river catchments, viz.,
Lhonak, Jemu, Lachen, Rangyong, Rangit, Prek and Churong (Figure 1A). Among these,
we selected the Prek catchment (182 km2) for intensive sampling due to its topographic
analogy with the entire KBR [32]. The Prek catchment has an altitudinal range of 2200 m
to 6691 m, covering major habitat types such as mixed temperate (17%), sub-alpine (36%),
alpine pastures (5%), rock and snow cover (41%), and water bodies (1%), respectively. We
carried out our study over a period of over three years from 2010 to 2012. All field activities
were carried out in the expedition mode due to the terrain’s topography and remoteness,
and they involved trekking, camping and sampling different parts of the catchment.

2.2. Field Sampling and Camera Trapping

Reconnaissance surveys employing sign surveys, trail monitoring and ridge walking
were conducted throughout the Prek catchment to identify appropriate locations for the
deployment of camera traps [32]. The study area was divided into grids measuring 2 km
× 2 km within a Geographic Information System (GIS), using ARC GIS 9.3 for better
visualization of the habitat types and elevation categories in the area, as well as to monitor
the camera deployment design. We deployed 27 infrared-triggered cameras at 71 different
locations of likely animal-use based on the information generated during reconnaissance
surveys. Cameras were fixed to tree trunks or rocks that were 3–5 m away from the
expected animal activity and 15–30 cm above the ground. The cameras were programmed
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for 24-h monitoring across all seasons and checked at 15–20 days intervals. Information on
the GPS coordinates, elevation and habitat type were noted at each camera location. To
ensure efficient sampling design, at least one camera was deployed in each accessible grid
by maintaining a certain inter-trap distance (minimum 500 m). Due to the failure of the
cameras at few locations, data only from the cameras that were continuously operational
for at least a period of one month were considered. Keeping the above criteria, 46 camera
locations were finally considered for data use covering major habitat types in the area
(Figure 1B).
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2.3. Data Analysis

The spatial and elevational distribution of species was assessed with respect to their
detection in cameras and interpreted in terms of their frequencies of occurrence. Space use
by felids was represented in terms of their relative abundance index in each habitat type
deduced from camera detections and interpreted as photo-capture rates [33]. We calculated
photo capture rate (CR) as the number of independent photographs (with minimum 1 h
duration) of a species captured at a given camera location, divided by the number of trap
days for which the camera was operational at that location, and expressed per 100 trap
days [34–36]. A Mann–Whitney U test was performed to test for variations in the CRs of
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species between different habitats. The cameras’ occurrence records of species were also
analysed to calculate the spatial and altitudinal range overlap among pairs of felid species
at different camera locations. Two species’ spatial overlap was assessed using the Jaccard
similarity index (S), which ranges from 0 to 1 [37]. The index value 0 (no overlap) indicates
detections at completely distinct camera locations and value 1 (complete overlap) indicates
detections at exactly the same locations for both species. The altitudinal range overlap
between two species was evaluated by calculating the fraction of overlapping range out of
the species’ entire altitudinal range in the area.

The activity pattern of felids was evaluated with reference to the date and time stamps
on the independent camera trap images of species, under the assumption that the quantity
of photographs taken was correlated with the activity levels of the species [36,38]. The mean
activity period of each species was calculated by converting all independent time records
of each species for each hour into a percentage of photographic captures during that hour
in a 24-h period, using the program Oriana 4.0 [39]. To determine if a species was nocturnal
or diurnal, the activity level percentage was used. Nocturnal activity was considered
from 1800 to 0500 h (the approximate times of sunset and sunrise in the study area). The
Rayleigh test was used to assess the consistency of each felid species’ activity pattern.
Watson’s U2 test was also used to examine the variations in activity patterns between felid
species and within each felid species (for pairwise and single species). Further analysis was
conducted on the percentage of photographic captures of species for each hour to assess
the temporal overlap between their activity patterns (pairwise) through Pianka’s niche
overlap index [40]. This was implemented using a simulation-based software program,
TimeOverlap version 1.0 [41], which employs a randomization algorithm (ROSARIO) by
performing random alterations of entire distributions within the time frame of analyses.
For each randomization, the program calculates the amount of overlap of each group of
randomized distributions for each iteration and determines its significance by a comparison
of the randomized overlap values to the amount of empirical overlap. The analysis was
performed involving 10,000 iterations at a 0.05 level of statistical significance.

3. Results

We obtained the sampling data of 6910 camera days from 46 camera locations during
the study period, including 1862 in temperate (1200–3000 m), 3087 in sub-alpine (3000–
4000 m), and 1961 in alpine (above 4000 m) habitats. We could confirm the occurrence of
six species of felids in the study area belonging to five different genera, including all three
species of leopard, viz., snow leopard Panthera uncia, clouded leopard Neofelis nebulosa and
leopard Panthera pardus; the Asiatic golden cat Catopuma temminckii; leopard cat Prionailurus
bengalensis; and jungle cat Felis chaus (Figure 2). Felid species were distributed throughout
the catchment with varied frequency of occurrence in different habitat types. Overall, we
documented five species from the temperate, three from the sub-alpine and one from the
alpine habitats. Due to the elusory nature of the species, direct encounters were rare, viz.,
snow leopard (n = 1), leopard cat (n = 2) and jungle cat (n = 1).

The occurrence of snow leopard was detected at six camera locations confined only to
the alpine and rocky areas above 4000 m. Clouded leopard on the other hand was detected
only at three camera locations positioned in sub-alpine and temperate habitats ranging
from 2100 m to 3750 m (Figure 3). The occurrence of leopard cat was detected at 10 camera
locations. Interestingly, the leopard was detected only once during the study. However,
both these species were restricted only to the temperate habitat below 3000 m. Both golden
cat and jungle cat were generally detected in temperate and sub-alpine habitats at 10 and
5 camera locations, though their highest elevation records were detected at 3990 m and
4010 m (in the Krummholz zone), respectively.
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The relative space use by felids (expressed as capture rates) with relation to various
habitat types are presented in Table 1. Although the overall trend in the relative space
use index of felids was depicted as leopard cat > snow leopard > golden cat > jungle
cat > clouded leopard > leopard, their capture rates did not vary significantly among
habitat types. Furthermore, felid species showed varied levels of spatial and altitudinal
overlap, as depicted by the Jaccard similarity index (S) and altitudinal range overlap values.
The maximum overlap was, however, observed among golden cat–jungle cat–clouded
leopard, while the minimum overlap was observed between snow leopard and other
species (Table 2).

Table 1. Photo-capture rate (±standard error) of felids in different habitats of the Prek catchment
with Mann–Whitney U statistics (p denotes statistical significance).

Species N Temperate Sub-Alpine Alpine Overall CR MW-U χ2 p

Snow leopard 24 - - 0.85 (0.35) 0.85 (0.35) - -
Clouded leopard 6 0.15 (0.15) 0.04 (0.03) - 0.09 (0.06) 114.5 0.73

Leopard 1 0.04 (0.04) - - 0.04 (0.04) - -
Asiatic golden cat 25 0.40 (0.24) 0.43 (0.13) - 0.41 (0.13) 95.5 0.28

Jungle cat 6 0.13 (0.09) 0.11 (0.07) - 0.10 (0.05) 116 0.85
Leopard cat 62 2.86 (0.87) - - 2.86 (0.87) - -

Table 2. Spatial overlap (Jaccard similarity index ‘S’) and altitudinal range overlap between pairs of
felid species.

Species 1 Species 2 S-Index
% Altitudinal Range Overlap

Species 1 Species 2

Snow leopard All others 0 - -

Clouded leopard Leopard 0.333 7.40 4.00
Clouded leopard Leopard cat 0.083 25.92 35.00
Clouded leopard Golden cat 0.681 100.00 71.43
Clouded leopard Jungle cat 0.733 100.00 59.73

Leopard Leopard cat 0.100 30.00 75.00
Leopard Golden cat 0 16.00 21.16
Leopard Jungle cat 0 30.00 33.18

Leopard cat Golden cat 0.111 65.00 34.39
Leopard cat Jungle cat 0.538 100.00 44.25
Golden cat Jungle cat 0.812 100.00 83.63

Among the six species of felids, temporal activity profiles could only be deduced for
snow leopard, golden cat and leopard cat. A very low number of detections in the cameras
limited the statistical evaluation of the activity patterns of clouded leopard (n = 6), jungle
cat (n = 6) and leopard (n = 1). However, based on the percent frequency of records in
the cameras, clouded leopard and jungle cat showed 67 and 83% of nocturnal activity,
respectively. Furthermore, the single detection of leopard also occurred during night hours.

The activity profile of snow leopard was bimodal in general. Despite being more active
later in the day, around sunset and at midnight (Figure 4A), its overall activity pattern
was mostly constant (Rayleigh Z = 1.622, p = 0.199), with no significant difference between
activities at different times of the day (Watson’s U2 = 0.186, p > 0.05). The circular statistics
(below) also indicate the mean time activity of the snow leopard at 20:09 ± 02:04 h (Table 3).
The golden cat displayed an irregular pattern of activity and was more active during
crepuscular hours (Figure 4B). Although the activity profile was virtually evenly distributed
throughout the day (Z = 2.436, p = 0.087), the intensity of activity varied significantly during
the day (U2 = 0.215, p < 0.05). On the contrary, typical nocturnal behaviour was displayed
by the leopard cat (Figure 4C), with mean time activity at 00:51 ± 00:30 h, and significant
non-uniform and distinct pattern during different times of the day (Z = 21.381, p < 0.001;
U2 = 1.187, p < 0.005). The activity profiles of felids were different from one another, as
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indicated by the pairwise Watson’s U2 test, and the most significant difference was observed
between golden cat and leopard cat (U2 = 0.865, p < 0.001; Table 3). On the other hand,
Pianka’s index also showed weak support for temporal overlap in the activity patterns of
the felids.
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Table 3. Circular statistics of temporal activity pattern, pairwise difference in activity patterns
(Watson’s U2 test statistics) and temporal overlap (Pianka’s overlap index) among felid species (p is
the level of significance in the test statistics).

Species Mean Vector S.E 95% CI Circular Variance

Snow leopard 20:06 02:04 16:00–00:09 0.729
Golden cat 08:38 01:41 05:19–11:56 0.688
Leopard cat 00:51 00:30 23:48–01:47 0.359

Pairwise Watson’s U2 p Pianka’s index p

Snow leopard–Golden cat 0.292 <0.01 0.346 0.618
Snow leopard–Leopard cat 0.226 <0.05 0.422 0.352

Golden cat–Leopard cat 0.865 <0.001 0.298 0.724

4. Discussion

Landscapes provide the ecological template for the life history and behavioural pro-
cesses of species through their ecological complexity and flexibility [42], which ultimately
determine the spacing patterns and habitat use of animals. Our study provides the first
photographic documentation of six felid species from KBR, comprising four species with
significant global conservation importance (three Vulnerable and one Near-Threatened)
listed in the IUCN Red List of Threatened Species. Belonging to five genera, these represent
elements from both the Palaearctic (snow leopard, leopard) and Oriental (clouded leopard,
Asiatic golden cat, jungle cat, leopard cat) origins [43]. The overall distribution patterns of
felids with respect to elevation and habitat types validate the ecological significance of the
area, both in terms of its habitat diversity and biogeography. However, the decrease in the
felid diversity with an increase in elevation (from temperate to alpine) demonstrates the
typical Eastern Himalayan trend in species distributions, indicating more diversity in the
middle elevation range, i.e., 2000–3500 m [32,44].

4.1. Space Use

The distribution of carnivores in general is essentially determined by the spatial
arrangement of their prey [13,22]. However, in the Himalayas, habitat and elevation
also have a significant impact on how carnivores utilise their surroundings. In the Prek
catchment of the KBR, felids were dispersed according to several habitats dictated by severe
elevation gradients with a considerable amount of overlap among their ranges. Although,
some species (snow leopard, leopard, and leopard cat) were restricted to a specific habitat
or elevation class, most of them (Asiatic golden cat, clouded leopard, and jungle cat) were
wide ranging.

The confined distribution of snow leopard to rocky and alpine habitat corresponds to
the species altitudinal range (3000–5400 m) reported in previous studies [45]. Its occurrence
strictly above 4000 m (alpine and rocky areas) is attributed to the higher treeline, which
is a characteristic of Eastern Himalaya. However, frequent detections of snow leopard at
other specific camera locations could be related to their positioning around sites that are
well connected with the sub-alpine and Krummholz areas of the Rangit catchment, and the
alpine and rocky habitats of the Somiti–Goechala and Dzongri–Rathong areas. Such habitat
connectedness would allow the snow leopard to access a variety of prey sources from
various areas (such as Himalayan tahr and musk deer from sub-alpine and Krummholz,
and blue sheep from alpine). Furthermore, continuity of the region with the Kanchenjunga
Conservation Area of Nepal also facilitates the cross-border movement of snow leopards,
thus, enhancing their detection in the sampled area.

Clouded leopard, on the other hand, mainly inhabits dense evergreen forests [46]. Its
occurrence in the upper temperate and sub-alpine habitat validates its tendency for similar
areas due to its arboreal habit [46,47]. The current study marks a new altitudinal record
for clouded leopard at 3750 m, which stands much higher compared to the species’ earlier
record (up to 2500 m) in the Himalayan foothills [47], thus, indicating a wider altitudinal
range for the species in the Eastern Himalayas. This could again be due to the higher
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treeline in the Eastern Himalaya that supports forest dwelling species such as clouded
leopard to explore higher elevation, and help them minimize competition with other
carnivores. Furthermore, the occurrence of Asiatic golden cat at 3990 m in the sub-alpine
and Krummholz habitat also represents its adaptability to montane forests (dominated by
Abies and Rhododendron) and treeline with dwarf rhododendrons. The species is otherwise
known to primarily inhabit tropical and sub-tropical evergreen to mixed and dry deciduous
forests at lower elevations [47,48].

The restricted distribution of leopard cat to the sub-tropical and temperate habitats
below 2750 m observed in our study does not seem comparable to the overall wide alti-
tudinal range of the species extending up to 4474 m [49–51]. However, such a peculiar
space use pattern of leopard cat could indicate a strategy to avoid competition with the
other carnivores, by occupying lower areas close to human habitation in the buffer zone
with access to domestic prey, as also depicted through its narrow spatial overlap with other
felids in the area.

The occurrence of jungle cat at 4010 m also marks an interesting altitudinal record
contrary to its general preference for lowland habitats [47,52]. Compared to other felids, the
low detection of leopard outside its versatile habitat range reaching 5200 m in Himalaya [47]
could either indicate a restricted range distribution to lower sub-tropical areas (below the
lowest elevation limit of the study area), or a strategy to avoid low prey (medium to large
sized prey) density areas of the region. Another potential reason for its rare detection
could be the recent persecution by local people in retaliation to their livestock losses that
almost eradicated leopards from the lower areas of the Prek catchment in KBR (Usha
Lachungpa pers comm). In reference to this, leopard occurrence is generally reported from
the low-elevation sub-tropical areas of the Khangchendzonga landscape below the lowest
elevation of our study area.

4.2. Activity Pattern

Although species activity patterns are a part of the fundamental knowledge of natural
history, they are helpful in understanding the mechanisms that shape ecological communi-
ties. Activity patterns help us to know whether potentially competing species overlap or
avoid each other temporally, and how larger species influence activities of their smaller
cohorts in the same habitat. In the present study, snow leopard was found to be mostly
active at twilight and during the night, lying nearly in coherence with the observations in
Southern Mongolia [53]. The species is typically thought to be primarily nocturnal [54];
however a few studies have also shown its pattern of activity during the crepuscular
hours [55,56]. Such expanding activity pattern could be related to the scarcity of prey base
in the area that compels the snow leopard to spend more time active in foraging. Moreover,
snow leopards are known to benefit from the cover of darkness, as the semi-darkness
of twilight would appear optimal for stalking the prey [57]. The strict nocturnal activity
pattern of the leopard cat was, however, in coherence with previous findings [38,58,59],
but it also contradicted a few other studies reporting crepuscular [60], arrhythmic [61] and
diurnal activity [62] patterns. This could be explained in a way that the daily activity of
small felids is associated with the activity pattern of their principal prey, i.e., murids, in the
case of leopard cat [59,63], which was also confirmed through our previous study in the
area [64].

Asiatic golden cats, on the other hand, are noted for their nocturnal behaviour [65].
However, in reference to the present records (arrhythmic and crepuscular activity) as well
as based on other studies (indicating daytime and crepuscular activity peaks), the species
may not be considered exclusively nocturnal, as previously thought [46,66]. Other factors,
such as prey distribution and activity, inter- and intra-guild structure, habitat complexity
and topography, and competition could also play a significant role in shaping the species
activity profile in the area.

In the case of other species (jungle cat, clouded leopard and leopard), due to the scarce
number of records in the cameras, no conclusive inference could be drawn in regard to
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their activity profiles. However, their dominant nocturnal activity patterns were both in
coherence (for clouded leopard) as well as contradiction (for jungle cat and leopard) with
the species’ general behavioural ecology [67]. More field-based information is, therefore,
required to further elucidate the activity profiles of these species in KBR, which is yet to be
performed.

4.3. Spatio-Temporal Overlap and Segregation

Niche theory states that when two or more species co-exist, their usage of the en-
vironment, diet, activity and effect on the community structure does not entirely over-
lap [10,68,69]. In order to facilitate co-existence, minimize competition and cope with
limited resources, species segregate at different scales to partition the use of available
resources [70,71]. Differential resource selection therefore operates as a fundamental pro-
cess enabling species to coexist. The overall findings of the present study suggest that
the felid assemblage inhabiting this high-altitude ecosystem of Khangchendzonga has a
tendency to partition the available resources at distinct scales. As the region is shaped
into vast altitudinal gradients and a wide variety of habitats, it is further influenced by
diverse weather conditions. The evolutionary adaptation of carnivores to such conditions
may, therefore, favour a differential pattern of space use in such diverse landscapes [67,72]
and, thus, allow primary segregation at the spatial scale, as observed. This was shown by
snow leopard (confined to >4000 m) showing spatial (altitudinal) segregation with other
felids, and also between clouded leopard and leopard cat (Figure 5). This elucidates niche
complementarily between snow leopard and other felids involving low spatial overlap and
high temporal overlap between species [13,68,69]. Strong spatial overlap among golden
cat–jungle cat–clouded leopard associated with the arrhythmic and crepuscular activity of
golden cat indicates resource sharing by golden cat only at the spatial scale during different
time periods of the day, thus, depicting temporal segregation. The similar (nocturnal) activ-
ity pattern of clouded leopard and jungle cat, however, indicates both spatial and temporal
overlap among the two species, thereby suggesting segregation at some different (e.g.,
dietary) scale or competition among the species. Based on their spatio-temporal patterns,
a similar inference could be drawn while explaining the mode of resource partitioning
between leopard cat and jungle cat, considering diet as an important axes of niche space.
Due to very limited information available on the leopard, no attempt was made to derive
any inference on its resource use pattern in the area. Furthermore, we observed that golden
cat occupied the middle elevation range of the study area and showed spatio-temporal
segregation with lowland (e.g., leopard cat) and highland (e.g., snow leopard) species.
However, with respect to other middle elevation species (i.e., clouded leopard and jungle
cat), golden cat depicted temporal segregation. Such a peculiar pattern of spatio-temporal
segregation signifies the versatility of golden cat in the region, further corroborating its
adaptive behaviour, as already exhibited through its phenotypic polymorphism reported
from the study area [73].

Owing to the similarities among felid species in terms of their body size and basic ecol-
ogy, intense spatial and temporal overlaps may result in competition both at interspecific
and intraspecific levels. This may compel species to move to new areas with an increased
risk of human interaction, thus, leading to conflict. Such an antagonistic relationship
between carnivores could even become intense among species of a similar body size, e.g.,
leopard cat and jungle in the present context, thereby disrupting the functioning of the
ecosystem.
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Through this study, we attempted to assess the spatio-temporal aspects of the ecology
of these little-known elusive species of wild felids. Give the small dataset, our inference
on resource partitioning remains preliminary and requires further studies to validate the
patterns observed. Considering the range and overlap of body sizes between species, we
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of KBR. However, this explanation needs to be tested through further investigation on
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prey base in the region, extending the preliminary information generated in this study
(Supplementary Table S1). The study underlines the immense scope for further research in
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